On the basis of the registered indications of the water meter, a study on the size and variability of water consumption on the WULS campus in the academic years 2012/16 is presented. The average specific water consumption at a time when classes are implemented amounted to 26.6 dm 3 per student per day for full-time studies student and 19.7 dm 3 per student per day for the student part-time studies. During the holiday season, the rates are lower at 18.4 and 11.8 dm 3 per student per day, respectively. These ratios were determined without taking the water consumption in the dorms into account. The daily peaking factor amounted (N d ) to 1.36, while the hourly peaking factor (N h ), reached 1.71. Within the week cycle, the highest water consumption was observed in Tuesdays and the lowest -in Sundays. The average Tuesday demands are 40% higher than the Sunday demands. The water consumption peaks during the day occur between 11 a.m. and 1 p.m. as well as 11 p.m. and 1 a.m. The hourly structure of the water distribution in the WULS-SGGW campus is similar to the weekend structure of water distribution in multi-family residential buildings, with the exception of the later occurrence of the evening summit.
INTRODUCTION
In order to design water-pipe networks, one has to know the water demand of consumers connected to the system being analyzed as well as a time variability of water consumption. Several methods are used for the forecast:
• statistical extrapolation of a time trend of water consumption -it is based on the predictions of future water consumption using the data from the past through the extrapolation of variables by means of certain functions, • correlation of predictions of water consumption -based on a data set and mathematical function, a correlation graph is being determined by means of the least squares method, • indicator-based prediction of water consumption -uses unit indicators of water consumption for individual groups of consumers of water from the water supply.
The two first methods require the access to a large quantity of data from many years which are to be statistically analyzed by means of computer software. An increasing use of monitoring of water-pipe networks contributes to creation of empirical data bases which -after a numerical processing -allow, e.g. to model water flows. The indicator method is the simplest -it uses average standards of water consumption for individual consumers. The water consumption in utility buildings is provided for so-called reference unit. The unit indicators for selected objects connected with the didactic and research activities are presented in Table 1 .
The yearly variability of water consumption is characterized by a daily peaking factor expressed by Eq. (1): where: Q dmax , Q da -maximum and average daily water demand in the analyzed period, (m 3 · d -1 ),
The daily variability of water consumption is characterized by an hourly peaking factor. It is determined for a day with the highest daily water demand and defined by Eq. (2):
where: Q hmax -maximum hourly water consumption for a day with a maximum daily demand, (m 3 · h -1 ),
In the literature, based on the empirical data, the information on water consumption both for living needs (Bugajski, 
MATERIALS AND RESEARCH
The SGGW campus is located in the southern part of Warsaw, in the district of Ursynów. The older, eastern part of the campus and the newer, western part are divided by ul. Nowoursynowska. In the east the campus borders on a nature reserve Skarpa Ursynowska (Ursynów Bank), in the south the area is closed by ul. Ciszewskiego and in the west -by al. Jan Rodowicz-"Anoda" (Fig. 1 ). There are 49 buildings in the campus, among them 10 student dormitories, having in total 3460 accommodation places (WULS-SGGW, 2017), including the "Ikar" hotel. The student dormitories are used all-year-round. The remaining buildings are didactic, research and service buildings as well as the university management offices.
The campus is supplied with water by an internal cyclic water-pipe network fed from own deep water intakes localized in the Scientific Research Water Pumping Station (NBSW). The water outflow from the pumping station is measured by a water meter PoWoGaz MWN150NO equipped with an optical transmitter. The physical data (flow rate and water meter reading) are transformed into a digital signal by a PA-5 type converter and registered on a computer hard disk. The hourly, daily, monthly and yearly water consumption in the academic years 2012-2016 was determined based on the registered indications of the water meter. Average values, standard deviation and median were calculated for the daily and hourly water consumption in individual months.
Moreover, a unit indicator of water consumption in relation to a number of students learning in the campus was determined. The consumption recorded in weekdays (i.e. from Monday to Friday) was referred to the number of full-time students, whereas the weekend consumption (Saturday and Sunday) -to the number of part-time students. The number of students learning in the campus in the years being analyzed is presented in Table 2 . 
RESULTS OF INVESTIGATIONS AND THEIR DISCUSSION
On the basis of the collected data, the characteristic flow rates and water consumption peaking factors were calculated for the analyzed academic years ( Table 3) .
The average monthly water consumption in individual months for the analyzed academic years is presented in Figure 2 . Figure 3 shows that the monthly water consumption is quite diversified. The highest monthly consumption is observed in May and June, whereas the lowest -in August. High water consumption is registered for the months involving exam sessions and a lot of tests, i.e. in January and June, as well as on the beginning of the academic year, i.e. in October. Low water consumption is registered for the months with holidays, i.e. July, August and February. High water consumption since January 2016 may be result of the celebrations of the 200th anniversary of the founding of WULS-SGGW and numerous events accompanying this jubilee.
The variability of hourly and daily water consumption in individual months in the SGGW campus for the academic years being analyzed is presented in Table 4 .
For the period being analyzed, the highest daily water consumption occurred in 2015-08-04 and amounted to 1492.9 m 3 /d, and the lowest -2015-12-26 -155 m 3 /d. It is clearly visible that the lowest daily water consumption occurs in the feast periods. The hourly peaking factors Nh, determined for monthly periods, oscillate within the limit values 1.35-2.36 with the mean value of 1.71, whereas the daily peaking factor Nd falls into the range 1.15-2.57 with the mean value of 1.36. A high value of the daily peaking factor Nd was observed in August 2015. This was due to the very high water consumption in 2015-08-04, which remained at a high level through the whole day, also in the night, and could be due to the network rinsing in that time. The mean hourly (Nh) and daily (Nd) peaking factor assumes values which are comparative to those found in the literature for multi-family dwelling houses. For the multi-family buildings in Bolesławiec Nh = 2.13 and Nd = 1.1, in Pasłęk Nh = 1.70 and Nd = 1.06, The changes of water consumption in a weekly cycle were also noticed. Average daily water consumption in individual days of week, calculated as mean values for individual academic years, is presented in Fig. 3 . The highest water consumption occurs in Tuesdays, the lowest -in Sundays. It is visible a distinct regressive trend of water consumption from Tuesday to Sunday. The water consumption in Tuesdays is 40% higher in average than that in Sundays. The weekly cycle differs from those found in the literature for dwelling houses where the highest consumption occurs in weekend and the lowest in weekdays. (Podwójci, 2011; Bergel et al., 2016) . It can be stated that in the SGGW campus the part-time students do not use such quantity of water as the full-time students on weekdays, moreover many students from the student dormitories come back home on weekends. The highest consumption occurs on Tuesdays probably due to the fact that there are most people in the dormitories in those days because the class schedules are often made in such way that Monday or Friday is a day off.
While analyzing the hourly water consumption, two peaks a day can be noticed ( Fig. 4) : the mid-day peak occurs between 11 a.m. and 1 p.m., the midnight peak -between 11 p.m. and 1 a.m.. In average, the lowest water consumption falls at 5 a.m. and the highest -at 12 p.m.
The investigations carried out for recent years show that for the dwelling houses located both on rural and urban areas two peaks of daily water consumption are observed. There is no distinct mid-day peak observed. On the urban areas, the daily water consumption peaks occur in the morning (7) (8) (9) (10) and evening hours (20-23) (Podwójci, 2011; Kępa et al., 2013) , whereas on rural areas the daily water consumption peaks occur slightly earlier (Bergel and Kaczor, 2007) , which is probably connected with a specificity of functioning pertaining to rural farms and necessity of commuting to work. It can be observed that the water consumption structure is more stabilized in weekends. There is no distinct morning peak observed -it starts later and joins together with the mid-day one. A similar trend can be observed if one analyzes the water consumption in the SGGW campus. The water consumption structure in the campus, both in weekdays and in weekends, is closer to the weekend structure of water consumption in dwelling houses -with the exception of later occurrence of the evening peak. Table 5 presents the variability range and mean values of daily water consumption for individual months with division into weekdays and weekends. A part of the water consumption, however, is generated by the dormitories for which separate measurements were not carried out; thus -for the sake of data analysis -it was assumed that the normative specific water consumption for these buildings, equals 100 dm 3 . The accommodation places are used all-year-round, also in holidays. After the reduction of the average daily water consumption by the estimated consumption in the dormitories, the water consumption in other buildings was determined with division into weekdays and weekends. Relating this consumption to the number of full-time and part-time students, one can calculate the monthly unit factors of water consumption. These factors for the years 2012-16 amount in average 24.5 dm (Bergel and Kaczor, 2007) . In 6 rural farms in Gorlice and Ząbkowice Śląskie, the water consumption fell within the range 110-180 dm 3 per capita per day, even higher consumption was observed in summer (Pawęska et al., 2013) . The investigations in 43 single-family houses in Koszalin showed the average specific yearly water consumption equal to 129.3 dm 3 per capita per day but differences were observed which can result from demographic or economical factors (Żuchowicki and Gawin, 2013) . The specific water consumption in households increases along with the number of inhabitants in a town and amounts ca. 100-120 dm 3 per capita per day (Sawicka-Siarkiewicz and Gmitrzuk, 2010). The specific water consumption in Poland is relatively low if compared to other countries. In the rich Dubai, the water consumption per inhabitant amounts ca. 500 dm 3 per capita per day. It is lower in Europe -equal to 270 dm 3 per capita per day in Spain, 188 dm 3 per capita per day in Sweden, 129 dm 3 per capita per day in Germany (Kuczyński and Żuchowicki, 2010) .
However, the investigations carried out in a primary school in Bologna showed a water consumption which is comparable to the one in the campus and amounts to 18 dm 3 per capita per day (Farina et al., 2011) . The analysis of utility companies in 6 urbanized areas also showed a similar water consumption in day care centers for children 8-36 dm 3 per capita per day and offices 33-49 dm 3 per capita per day (SawickaSiarkiewicz and Gmitrzuk, 2010).
CONCLUSIONS
Due to the specificity of the activities related to universities, the distribution of water consumption in such units can be different from other users of water-pipe network. There is no information in the literature concerning the water demands in universities. Instead, many publications can be found concerning the water consumption in single-or multi-family houses located in towns of different size, as well as the information on the water consumption in selected utility buildings.
The paper determined the structure of water consumption for the periods being analyzed. The unit factors of water consumption were Tuesdays, the lowest -on Sundays. The average Tuesday consumptions are higher than the Sunday consumptions by 40%. The weekly cycle differs from those provided in the literature for dwelling houses where a higher consumption is observed in weekends and lower in weekdays. 3. Two peaks of the hourly water consumption occur in a day. The midday peak occurs between 11 a.m. and 1 p.m., the midnight peak -between 11 p.m. and 1 a.m. The hourly structure of the water consumption in the SGGW campus is close to the weekend structure in multi-family dwelling houses with exception of later evening peak. 4. Without taking into account the water consumption in the dormitories, the average consumption in the period of realization of didactic classes amounted to 26.6 dm , respectively. These factors are comparable or lower than the factor recommended for design which amounts 25 dm 3 ·d -1 . 5. In the period being analyzed, the average daily (N d ) and hourly (N h ) peaking factors amounted to 1.36 and 1.71, respectively. These factors are comparable to the values presented in the literature for multi-family dwelling houses.
